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ABSTRACT

Callinectes sapidus is the only true crab (brachyuran) whose pattern of ecdyste-

roid tilers has been described as departing from the pattern seen in other decapods.
While ecdysteroids in other crabs reach a peak just prior to ecdysis, those of C.

sapidus were claimed to reach their maxima after ecdysis. The data reported here

challenge these findings. Wehave measured ecdysteroids in hemolymph, ovaries,

and whole animal extracts of blue crabs using a radioimmunoassay. In hemolymph
and whole animals, ecdysteroid levels rose during premolt to a maximum at stage

D3 . Ecdysteroids declined rapidly from late premolt stage D4 through postmolt stage

A2 , increased slightly at postmolt stage B, and returned to low levels where they

remained during intermolt stage C. Ecdysteroid levels in males and immature fe-

males were not significantly different but mature females, having reached a terminal

anecdysis, had significantly lower ecdysteroid levels. Ovaries of mature females ac-

cumulated ecdysteroids during vitellogenesis while the concentration of ecdysteroids

in hemolymph was low.

INTRODUCTION

Ecdysteroids in crustaceans, measured in whole animals or hemolymph, rise

during proecdysis, reach peak levels shortly before ecdysis, and decline to basal levels

before or soon after ecdysis (Spindler et al, 1980; Skinner, in press). This pattern

is consistent with the role of 20-hydroxyecdysone (20HE) in initiating premolt.

When ecdysteroids were examined in female blue crabs Callinectes sapidus, 20HE,
inokosterone, and makisterone A were identified and, surprisingly, the ecdysteroid

peak, consisting principally of 20HE, occurred after ecdysis (Faux et al., 1969). It

was suggested that the hormone peak during postmolt was involved with hardening
of the exoskeleton (Faux et al., 1969). Because of the decline in hormone titers

following ecdysis in the crayfish Orconectes limosus, Willig and Keller (1973) con-

cluded that calcification of exoskeleton was independent of hormonal control.

Until the experiments described here, there has been no investigation of cir-

culating ecdysteroid titers nor of ecdysteroids in individual tissues of C. sapidus.

These are important data since many arthropods regulate ovarian maturation and

embryonic development by sequestering ecdysteroids in the ovaries during the re-

productive stage; regulation of the molt cycle is distinguished by changes in circu-

lating ecdysteroids. Several insects accumulate ecdysteroids in the ovary (Garen et
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al, 1977; Lagueux et ai, 1977; Hoffman et ai, 1980) as do the crabs Carcinus

maenas (Lachaise and Hoffman, 1977) and Acanthonyx lunulatus (Chaix and De
Reggi, 1982). Although Carcinus continues to molt after its reproductive phase,

Acanthonyx and other oxyrhynchans enter a terminal anecdysis (stage C4T; Carlisle,

1957) at the puberty molt. Similarly, Callinectes, a brachyrhyncan, enters terminal

anecdysis after reaching the puberty molt (Churchill, 1919). It was therefore im-

portant to determine ecdysteroid concentrations in both hemolymph and ovaries

of crabs in this terminal anecdysis. To that end we examined the ecdysteroid titers

in hemolymph, ovaries, and whole animals at different stages of the molt cycle using
a radioimmunoassay (RIA; Soumoff et ai, 1981). Wecompared males and females

to determine whether there were any hormonal differences between sexes and com-

pared sexually immature females which still undergo ecdyses with sexually mature
females that are in a terminal anecdysis.

MATERIALSANDMETHODS

Animals

Crabs were collected off the Virginia coast during June and July of the molting
season. They ranged in size from 6.3 cm to 11.4 cm carapace width. Animals
collected in various phases of the molt cycle were staged by the coloration on the

distal segments of the swimming legs (Churchill, 1919) and by the extent of skeletal

resorption at the epimeral suture (Warner, 1977; Passano, 1960). Initially, four stages
were examined: intermolt (C 4 ), early premolt (D, or green crabs), late premolt (D 3

or peeler crabs) and postmolt (A,-B 2 or soft crabs). A second series of experiments
examined crabs divided into several substages from A, through D4 (see Passano,

1960; Skinner, 1962; Warner, 1977 for descriptions of stages). Mature females,
immature females, and males were distinguished by the characteristic shapes of the

abdomen.

Treatment of biological material

Hemolymph was withdrawn by syringe puncture through the pericardial space,
the arthrodial membrane at the base of a limb, or the mid-joint of a claw. Clotted

hemolymph was disrupted and centrifuged to obtain serum. Aliquots were taken
for radioimmunoassay (RIA) and the remaining serum was pooled by stage and sex.

Ovaries and bursa copulatrix were excised from mature females, blotted dry, and

weighed prior to exhaustive hemolymph removal or hemolymph, bursa, and ovary
removal. Individual tissues or whole animals were homogenized in 75% MeOHand
centrifuged. Pellets were reextracted in 75% methanol and supernatants were evap-
orated under reduced pressure and resuspended in a small volume of 75% methanol.

Samples were examined by RIA.

Radioimmunoassay

Antiserum was that of Soumoff et al. ( 198 1 ) produced from 20-hydroxyecdysone
2-hemisuccinate conjugated to thyroglobulin. [

3
H]ecdysone (S.A. 50 Ci/mmol or

80 Ci/mmol) was the tracer ligand. 20HE (Simes, Italy) was used as a standard to

estimate ecdysteroid levels. All titers are given as 20HE equivalents, although the

antiserum has different reactivities toward closely related ecdysteroids (Soumoff et

al., 1981). The RIA protocol has been described elsewhere (Chang and
O'Connor, 1979).
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RESULTS

An initial survey revealed that serum ecdysteroids were at basal levels in inter-

molt crabs, began rising in early premolt crabs, and reached peak liters in late

premolt crabs (Fig. 1A). By postmolt serum titers dropped, but not as low as in-

termolt levels. Males and females showed no statistically significant differences at

any given stage. Variance was greater among males than females and was not related

to size or limb loss. Blue crabs readily autotomize limbs as a result of handling;

most of the animals lost from 1 to 4 limbs while two crabs lost six limbs. Regenerating

limb buds from previously autotomized limbs were small on intermolt crabs but
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were large on premolt crabs. It has been shown that ecdysteroid liters are elevated

in crabs in advanced stages of limb regeneration (Soumoff and Skinner, 1980).

Multiple autotomy acts as a stimulus to molt (Skinner and Graham, 1970, 1972;
Holland and Skinner, 1976; Mykles and Skinner, 1981) and limb regeneration is

a sign that a crab is in the premolt stage (Emmel, 1906, 1907; Bliss, 1956).

Since the puberty molt is the final molt for females of this species, mature females

are found only in the postmolt and subsequent C4T stages. Although immature
females should be available in all stages of the molt cycle, we were unable to obtain

postmolt immature females during this initial survey. Mature C4T females had lower

serum ecdysteroids than immature intermolt females. The difference was significant

(P < .05) and is probably related to changes in hormone production and metabolism

causing the terminal anecdysis of mature females. In one case an immature female

was assayed in late premolt, completed the molt to maturity overnight, and was

reassayed in postmolt. The premolt ecdysteroid level, 43.4 ng/ml, decreased to 6.7

ng/ml overnight.
A second examination of serum ecdysteroid levels was undertaken during the

next annual molting season (Fig. IB) and the molt cycle stages were defined more

precisely. The observed hormone levels confirmed the data obtained previously (Fig.

1A). Ecdysteroid concentrations rose during the initial stages of premolt, declined

in stage D4 and continued to decline through stage A2 . There was a slight rise in

ecdysteroid concentration in stage B, . The apparent rise in stage B2 males was caused

by one exceptionally high value that may have been an artifact. There were no

significant differences between males and females throughout premolt. Mature fe-

males had significantly lower ecdysteroid levels than immature females at stages A2

and C (P < .05) and males at stages A, and C (P < .02). Among thirteen mature
C4T females examined, twelve showed no detectable ecdysteroids and one had a

level of 5 ng/ml. Intermolt juvenile females averaged 7. 1 ng/ml and intermolt males

averaged 1.3 ng/ml.
Some crabs that survived several premolt and postmolt stages in captivity were

sampled in consecutive stages. Figure 2A shows that serum ecdysteroids rose in

individual specimens as they proceeded from stage D, to stage D3 . Crabs that were
collected at later premolt stages had rapidly declining serum ecdysteroids (Fig. 2B).
These data illustrate that although there may be wide variations between crabs, a

pattern is maintained within individuals of rising ecdysteroids through stage D3 and

declining ecdysteroids from stage D4 through A2 .

In several species of insects (Luu et al, 1976; Lagueux et al., 1977; Ohnishi et

al, 1977; Bollenbacher et al., 1978) and in the crab C. maenas (Lachaise and
Hoffmann, 1977) reproductively active ovaries contain ecdysteroids which regulate

vitellogenesis (Hagedorn et al., 1975; Handler and Postlethwait, 1978) and embry-
onic development (Hoffmann et al., 1980). Weexamined the ecdysteroid concen-
tration in ovaries of mature female blue crabs to determine whether they stored

significant amounts of ecdysteroids. As a control tissue we examined the bursa

copulatrix, the storage sacs for sperm introduced during copulation.
The reproductive stages were determined according to criteria which distinguish

changes in the gross appearance of the ovaries (Hard, 1942). Stage I describes crabs

immediately following the puberty molt when ovaries are small. Stage II describes

the period during which the ovary enlarges and becomes orange as vitellogenesis

progresses. Stage III describes the mature ovary which is very large and bright orange.
The ecdysteroid content of ovaries of C. sapidus increased as vitellogenesis pro-

gressed (Table I) although ecdysteroid concentration per unit weight declined 2.5-
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FIGURE 2. Serum ecdysteroid levels in individual crabs at consecutive stages of the molt cycle. Each

symbol represents a single crab whose serum was examined at the intervals shown. At each interval, the

stage of the cycle was determined by the condition of the exoskeleton and coloration of an appendage.

(A) Crabs in stages D, through Dj. The upper axis shows the number of days between measurements.

(B) Crabs in stages D3 through B2 . All animals reached ecdysis. The upper axis shows the number of

days between measurements in relation to the time of ecdysis.

fold during yolk deposition as the weight of the ovary increased almost thirty-fold.

In contrast, ecdysteroids in the closely associated bursa copulatrix decreased from

stage I to stage III. Ecdysteroid accumulation in the ovaries of C4T females occurred

at a time when ecdysteroids were low in both serum (Fig. 1) and whole animals

(Table II). Although ovaries accumulated ecdysteroids during vitellogenesis, their

content of ecdysteroids did not contribute significantly to the whole animal liter.

Total ecdysteroid content in both males and females rose to maximum levels

during late premolt and declined precipitously by postmolt (Fig. 3). The pattern of

ecdysteroid liters measured throughout the molt cycle is similar to the pattern for

serum or carcass alone. These results are contrary to those of Faux et al. (1969)
who observed maximal ecdysteroids during postmolt in whole animal extracts of

females.

TABLE I

Ecdysteroid levels in female reproductive tissue
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TABLE II

Mature female whole animal ecdy steroids

Stage N Weight (g) Ecdysteroid (ng/g)

A,
C4T
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tation determines, to some extent, the titer of hormone measured, these examples,

utilizing several different techniques, are consistent with each other.

Ecdysteroids measured by Faux el al. ( 1 969) for female blue crabs are incon-

sistent with the values reported here. In that analysis, the peak of ecdysteroids was
observed after ecdysis (280 ng/g 20HE and 24 ng/g makisterone A) and was twelve-

fold greater than the concentration at late premolt (20 ng/g inokosterone and 4 ng/

g 20HE). The method of quantitation of ecdysteroids was not specified and may
account for the discrepancy. One other example of a major peak of hormone titer

during postmolt was reported for O. gammarella (Blanchet et al., 1976). The hor-

mone titer reached a maximum in late premolt, declined by stage A, but showed
some indication of a second peak during stage B; a large standard deviation at this

stage made interpretation of the data difficult.

Measurements of circulating ecdysteroids are more variable between species than

are whole animal liters. However, all species exhibit a trend of increasing ecdysteroid
levels during premolt to a maximum prior to ecdysis, followed by a decline to basal

intermolt levels. The range of ecdysteroids in Callinectes serum, 5 ng/ml at intermolt

to 44 ng/ml in late premolt, is comparable to hemolymph tilers of the crayfish

Orconectes sanborni ranging from 4 ng/ml to 30 ng/ml (Stevenson et al., 1979).

Ecdysleroids in hemolymph of Ihe crab Pachygrapsus crassipes vary from near zero

jusl after ecdysis lo 120 ng/ml in premoll (Chang and O'Connor, 1978). The crab

Gecarcinus lateralis has a minimal liler of 10 ng/ml al inlermoll and a maximum
of 150 ng/ml al D3 when induced lo moll by mulliple limb aulolomy (Soumoff and

Skinner, 1982). Serum levels are in lhat same range in the fiddler crab Ucapugilator

(Hopkins, In press) during a natural molt cycle. Lachaise et al. (1976) reported

circulaling ecdysleroid lilers ranging from 62-470 ng/ml for Ihe crab C. maenas,
while lilers of 30-15,000 ng/ml hemolymph for Ihis species have also been reported

(Andrieux et al., 1976). Juvenile lobslers, Homarus americamis, exhibited basal

levels of ecdysteroids of less than 35 ng/ml and peak lilers of 350 ng/ml (Chang
and Bruce, 1980). These values were all quanlilaled by RIA.

Whole animal and serum ecdysleroid lilers in malure Callinectes females during

poslmoll were significanlly higher lhan Ihose in malure females al Ihe subsequenl
inlermoll slage. Despite Ihis, inlermoll ovaries conlained higher levels of ecdysteroids
lhan poslmoll ovaries; Ihe former were vilellogenic while Ihe laller were nol. Sim-

ilarly, Ihe ecdysleroid concenlralion in ovaries increased al vilellogenesis while Ihe

ecdysteroids in hemolymph remained low in C. maenas (Lachaise and Hoffmann,

1977) as well as in Ihe spider crab Acanthonyx lunulatus (Chaix and de Reggi, 1982).

Females of Ihe oxyrhynchan species Maja squinado and A. lunulatus reach re-

productive malurily al Iheir lasl moll, when Ihey enter terminal anecdysis. Their

Y-organs become inactive and degenerate (Carlisle, 1957; Chaix et al., 1976) and

hemolymph ecdysteroids decline (Chaix and de Reggi, 1982). Similarly for male

isopods (Sphaeroma serratum), Ihe Y-organs degenerate following Ihe puberty moll,

a terminal anecdysis is reached, and ecdysteroids gradually disappear from Ihe he-

molymph (Charmanlier, 1980). The very low hemolymph ecdysteroids in malure

C4T females of C. sapidus is consislenl wilh Ihese observations and, similarly, may
resull from degenerative changes in Ihe Y-organs.

ACKNOWLEDGMENTS

Weare grateful lo Dr. C. P. Mangum for Ihe use of Ihe facilities al Ihe Virginia

Inslilule of Marine Sciences, Easl and for help in Ihe early slages of Ihis work. We
lhank Dr. M. Caslagna and Ihe slaffal VIMS for Iheir generous assislance and Dr.



328 C. SOUMOFFAND D. M. SKINNER

P. Hopkins for critical reading of the manuscript. The ecdysteroid antiserum was

kindly supplied by Dr. J. D. O'Connor (Univ. of California, Los Angeles), and the

[

3

H]ecdysone by Dr. D. S. King.

LITERATURE CITED

ADELUNG, D. 1969. Die Ausschiittung und Funktion von Hautungshormon wahrend eines Zwischen-

hautungs-Intervalls bei der Strandkrabbe Carcinus maenas L. Z. Naturforsch. 24B: 1447-1455.

ANDRIEUX, N., P. PORCHERON,J. BERREUR-BONNENFANT,AND F. DRAY. 1976. Determination du
taux d'ecdysone au cours du cycle d'intermue chez le Crabe Carcinus maenas: comparaison
entre individus sains et parasites par Saccitlina carcini. C. R. Acad. Sci. Paris 283: 1429-1432.

BLANCHET, M.-F., P. PORCHERON,ANDF. DRAY. 1976. Etude des variations du taux des ecdysones au
cours du cycle d'intermue chez le male d'Orchestia gammarella Pallas (Crustace Amphipode)
par dosage radioimmunologique. C. R. Acad. Sci. Paris 283: 651-654.

BLISS, D. E. 1956. Neurosecretion and the control of growth in a decapod crustacean. Pp. 56-75. in

Bertil Hanstrom. Zoological Papers in Honour of his 65th Birthday, K. G. Wingstrand, ed. Zool.

Inst., Lund.

BOLLENBACHER,W. E., H. ZVENKO, A. K. KUMARAN,ANDL. I. GILBERT. 1978. Changes in ecdysone
content during postembryonic development of the wax moth, Galleria mellonella: the role of

the ovary. Gen. Comp. Endocrinol. 34: 169-179.

CARLISLE, D. B. 1957. On the hormonal inhibition of moulting in decapod Crustacea. II. The terminal

anecdysis in crabs. J. Mar. Biol. Assoc. U. K. 36: 291-307.

CHAIX, J. C., ANDM.DE REGGI. 1982. Ecdysteroid levels during ovarian development and embryogenesis
in the spider crab Acanthonyx lunulatus. Gen. Comp. Endocrinol. 47: 7-14.

CHAIX, J. C., J. P. TRILLES, ANDG. VERNET. 1976. Degenerescence de 1'organe Y chez les males puberes

d'Acanthonvx lunulatus (Risso) (Crustacea Decapoda Oxyrhyncha). C. R. Acad. Sci. Paris 283:

523-525.

CHANG, E. S., AND J. D. O'CONNOR. 1978. In vitro secretion and hydroxylation of a-ecdysone as a

function of the crustacean molt cycle. Gen. Comp. Endocrinol. 36: 151-160.

CHANG, E. S., ANDJ. D. O'CONNOR. 1979. Arthropod molting hormones. Pp. 797-814 in Methods of
Hormone Radioimmunoassay. 2nd ed., B. M. Jaffe and H. R. Behrman, eds. Academic Press,

New York.

CHANG, E. S., ANDM. J. BRUCE. 1980. Ecdysteroid titers of juvenile lobsters following molt induction.

J. Exp. Zool. 214: 157-160.

CHARMANTIER,G. 1980. Controle endocrine et neuroendocrine de la mue de puberte chez les males de

Sphaeroma serratum (Fabricius, 1787) (Crustacea, Isopoda, Flabellifera). Gen. Comp. Endo-
crinol. 41: 349-364.

CHURCHILL, E. P., JR. 1919. Life history of the blue crab. Bulletin, U. S. Bureau of Fisheries for 1917-

191836: 93-136.

EMMEL, V. E. 1906. The relation of regeneration to the molting process in the lobster. Ann. Rep. Comm.
Inland Fish.. Rhode Island, 36: 258-313.

EMMEL, V. E. 1907. Relations between regeneration, the degree of injury, and moulting of young lobsters.

Science 15: 785.

FAUX, A., D. H. S. HORN, E. J. MIDDLETON, H. M. FALES, ANDM. E. LOWE. 1969. Moulting hormones
of a crab during ecdysis. Chem. Commun. 175-176.

GAGOSIAN, R. B., R. A. BOURBONNIERE,W. B. SMITH, E. F. COUCH,C. BLANTON, ANDW. NOVAK.
1974. Lobster molting hormones: isolation and biosynthesis of ecdysterone. Experientia 30:

723-724.

GAREN, A., L. KAUVAR, AND J.-A. LEPESANT. 1977. Roles of ecdysone in Drosophila development.
Proc. Nat. Acad. Sci. USA 74: 5099-5103.

HAGEDORN,H. H., J. D. O'CONNOR, M. S. FUCHS, B. SAGE, D. A. SCHLAEGER,AND M. K. BOHM.
1975. The ovary as a source of a-ecdysone in an adult mosquito. Proc. Nat. Acad. Sci. USA
72: 3255-3259.

HANDLER, A. M., ANDJ. H. POSTLETHWAIT. 1978. Regulation of vitellogenin synthesis in Drosophila

by ecdysterone and juvenile hormone. J. Exp. Zool. 206: 247-254.

HARD, W. L. 1942. Ovarian growth and ovulation in the mature blue crab, Callinectes sapidus Rathbun.

Chesapeake Biol. Lab. Bull. 46: 1-17.

HOFFMANN,J. A., M. LAGUEUX, C. HETRU, M. CHARLET, AND F. GOLTZENE. 1980. Ecdysone in

reproductively competent female adults and in embryos of insects. Pp. 431-465 in Progress in

Ecdysone Research. J. A. Hoffmann, ed. Elsevier/North-Holland Biomedical Press, Amsterdam.



ECDYSTEROIDTITERS OF BLUE CRABS 329

HOLLAND, C. A., ANDD. M. SKINNER. 1976. Interactions between molting and regeneration in the land

crab. Biol. Bull. 150: 222-240.

HOPKINS, P. M. 1983. Patterns of serum ecdysteroids during induced and uninduced proecdysis in the

fiddler crab, Uca pugilator. Gen. Comp. Endocrinol. In press.

LACHAISE, F., M. LAGUEUX, R. FEYEREISEN, AND J. A. HOFFMAN. 1976. Metabolisme de 1'ecdysone
au cours du developpement de Carcinus maenas (Brachyura, Decapoda). C. R. Acad. Sci. Paris

283: 943-946.

LACHAISE, F., AND J. A. HOFFMANN. 1977. Ecdysone et developpement ovarien chez un Decapode,
Carcinus maenas. C. R. Acad. Sci. Paris 285: 701-704.

LAGUEUX,M., M. HIRN, ANDJ. A. HOFFMANN.1977. Ecdysone during ovarian development in Locusta

migratoria. J. Insect Physiol. 23: 109-119.

Luu, B., M. LAGUEUX, M. HIRN, ANDJ. A. HOFFMANN.1976. Identification par chromatographie en

phase vapeur et spectrometrie de masse de 1'ecdysone synthetisee dans les ovaries de femelles

adultes de Locusta migratoria (Insecte Orthoptere). C. R. Acad. Sci. Paris 283: 1081-1084.

MYKLES, D. L., AND D. M. SKINNER. 1981. Preferential loss of thin filaments during molt-induced

atrophy in crab claw muscle. J Ultrastruct. Res. 75: 314-325.

OHNISHI, E.. T. MIZUNO, F. CHATANI, N. IKEKAWA, ANDS. SAKURAI. 1977. 2-Deoxy-a-ecdysone from

ovaries and eggs of the silkworm, Bombyx mori. Science 197: 66-67.

PASSANO, L. M. 1960. Molting and its control. Pp. 473-536 in The Physiology of Crustacea, Vol. 1,

T. H. Waterman, ed. Academic Press, New York.

SKINNER, D. M. 1962. The structure and metabolism of a crustacean integumentary tissue during a molt

cycle. Biol. Bull. 123: 635-647.

SKINNER, D. M. In press. Interactions between molting and regeneration. In The Biology of Crustacea,

D. E. Bliss, and L. H. Mantel, eds. Academic Press, New York.

SKINNER, D. M., ANDD. E. GRAHAM.1970. Molting in land crabs: stimulation by leg removal. Science

169: 383-385.

SKINNER, D. M., ANDD. E. GRAHAM. 1972. Loss of limbs as a stimulus to ecdysis in Brachyura (true

crabs). Biol. Bull. 143: 222-233.

SOUMOFF,C. ANDD. M. SKINNER. 1980. Effect of Y-organectomy and autotomy on circulating ecdyste-
roid levels and regeneration in the crab Gecarcinus. Arner. Zoo/. 20: 933.

SOUMOFF,C., ANDD. M. SKINNER. 1982. In vitro assay of hydroxylase activity in the crab Gecarcinus

lateralis. Amer. Zoo/. 22: 938.

SOUMOFF,C., D. H. S. HORN, ANDJ. D. O'CONNOR. 1981. Production of a new antiserum to arthropod

molting hormone and comparison with two other antisera. /. Steroid Biochem. 14: 429-435.

SPINDLER, K..-D., R. KELLER, ANDJ. D. O'CONNOR. 1980. The role of ecdysteroids in the crustacean

molting cycle. Pp. 247-280 in Progress in Ecdysone Research, J. A. Hoffmann, ed. Elsevier/

North-Holland Biomedical Press, Amsterdam.

STEVENSON,J. R., P. W. ARMSTRONG,E. S. CHANG,ANDJ. D. O'CONNOR. 1979. Ecdysone liters during
the molt cycle of the crayfish Orconectes sanborni. Gen. Comp. Endocrinol. 39: 20-25.

WARNER,G. F. 1977. In The Biology of Crabs. Van Nostrand Reinhold Co., New York.

WILLIG, A., ANDR. KELLER. 1973. Molting hormone content, cuticle growth and gastrolith growth in

the molt cycle of the crayfish Orconectes limosus. J. Comp. Physiol. 86: 377-388.


